1. MEDICATIONS

Several clinical questions were considered by the
National Asthma Education and Prevention Program
(NAEPP) Expert Panel regarding medications used in
asthma therapy, including questions about the effective-
ness of inhaled corticosteroids compared to other long-
term-control medications in the management of asthma
in children, the safety of long-term use of inhaled corti-
costeroids in children, the use of combination therapy in
treating moderate persistent asthma, and the use of
antibiotics in treating acute exacerbations of asthma.
This section on medications will present each clinical
question separately, and each discussion will include a
statement of the specific question; a summary answer to
the question; the rationale for the question; a summary of
the systematic review of the evidence (SRE), as well as
additional literature considered by the Expert Panel after
the systematic review was completed; recommendations
for updating the Expert Panel Report: Guidelines for the
Diagnosis and Management of Asthma; and recommen-
dations for future research.

LONG-TERM MANAGEMENT OF ASTHMA IN
CHILDREN: EFFECTIVENESS OF INHALED
CORTICOSTEROIDS COMPARED TO OTHER
MEDICATIONS

Question

Does chronic use of inhaled corticosteroids
improve long-term outcomes for children with
mild or moderate persistent asthma, in compar-
ison to the following treatments?
“As-needed” beta,-agonists?
Long-acting beta,-agonists?
Theophylline?
Cromolyn/nedocromil?
Combinations of above drugs?
Leukotriene modifiers (leukotriene receptor antago-
nists [LTRAs] and 5-lipoxygenase inhibitors) were not
included in the SRE because no published data meeting
minimal inclusion criteria for children were available to
compare this class of compounds directly to any other
long-term-control medications, including inhaled corti-
costeroids. Studies on LTRAs in children that were pub-
lished subsequent to the SRE were considered by the
Expert Panel as additional information and included in
the comprehensive review of the question.

Summary Answer to the Question

Strong evidence establishes that inhaled cortico-
steroids improve long-term outcomes for children of all
ages with mild or moderate persistent asthma, compared
to as-needed beta,-agonists, as measured by prebron-
chodilator forced expiratory volume in 1 second (FEV)),
reduced hyperresponsiveness, improvements in symptom
scores, fewer courses of oral corticosteroids, and fewer
urgent care visits or hospitalizations (SRE-Evidence A).

Studies comparing inhaled corticosteroids to cromolyn,

nedocromil, theophylline, or LTRAs are limited, but

available evidence shows that none of these long-term-
control medications is as effective as inhaled cortico-
steroids in improving asthma outcomes (SRE-Evidence

B; Evidence B, C). (See Appendix A, Stepwise

Approach for Managing Asthma, for the definition of

asthma severity classifications.) A revision to the

NAEPP Expert Panel Report 2: Guidelines for the Diag-

nosis and Management of Asthma (EPR-2) stepwise

approach to therapy is recommended. The Expert Panel

recommends the following therapy for children with mild

persistent asthma:

e For children 5 years of age and older, the preferred
therapy is inhaled corticosteroids (low dose) (SRE-
Evidence A). Alternative therapies (listed alphabeti-
cally because there are insufficient data to enable
ranking) include cromolyn, LTRAs, nedocromil, or
sustained-release theophylline (SRE-Evidence A, B;
Evidence A, B).

 For children younger than 5 years of age, no studies
compare inhaled corticosteroids to other long-term-
control medications. Therefore, recommendations are
based on extrapolations of studies in older children.
The preferred therapy is low-dose inhaled cortico-
steroids, with nebulizer, dry powder inhaler (DPI), or
metered-dose inhaler (MDI) with holding chamber,
with or without a face mask. Alternative therapies
(listed alphabetically) include cromolyn or LTRA
(SRE-Evidence B).

Rationale for the Question

The NAEPP recognizes the need for continual appraisal
of the benefits and potential risks of asthma medications in
children. The EPR-2 recommends inhaled corticosteroids,
cromolyn, and nedocromil as preferred treatment, with
acknowledgement of a potential but small risk of adverse
events with the use of inhaled corticosteroids. The NAEPP
considers it important to update information regarding the
effectiveness and safety of inhaled cortico-steroids in chil-
dren. A review of evidence on the safety of inhaled corti-
costeroids is presented later. To enrich the evaluation of
effectiveness, the SRE searched the literature for studies
comparing the effectiveness of inhaled corticosteroids used
as monotherapy to short-acting beta,-agonists taken as
needed, and to other long-term-control medications used as
monotherapy in children with mild or moderate persistent
asthma. Such a review enables the NAEPP to consider the
most appropriate position of various medications in the
stepwise approach to asthma management, based on the
current evidence. At the time that the EPR-2 was pub-
lished, the following long-term-control medications were
available for treatment in children: inhaled corticosteroids,
long-acting inhaled beta,-agonists (salmeterol), theo-
phylline, cromolyn, nedocromil, and leukotriene modifiers
(zafirlukast and zileuton); not all were approved for use in
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children younger than 5 years of age. Since the publication
of the EPR-2, a third leukotriene modifier, montelukast, has
become available for children 2 years of age and older, and
a nebulized form of inhaled corticosteroids has become
available for children as young as 1 year of age. The DPI
forms of salmeterol and fluticasone, available for older
children, also were approved down to 4 years of age.

Systematic Review of the Evidence

The following description of the SRE is an adaptation
of the evidence report, including direct excerpts, submit-
ted by the Blue Cross Blue Shield Association Evidence-
Based Practice Center. (See Introduction, Methods.)

Methods of Literature Search

This question addresses long-term outcomes of treat-
ment for children with mild or moderate persistent asth-
ma. Outcomes of primary interest are those that indicate
the progression of underlying disease; short-term mea-
sures of symptom control cannot adequately address this
question. Of the available measures, longitudinal deter-
mination of postbronchodilator FEV| provides the best
available measure of lung growth (CAMP Research
Group 2000). Epidemiologic studies often use prebron-
chodilator FEV |, which has been one of the strongest cor-
relates with long-term outcomes. Peak expiratory flow
(PEF) also can indicate long-term progression; both pre-
bronchodilator FEV, and PEF are more subject to short-
term changes in control and, of the two, PEF is the more
variable measure. Other outcome measures, such as
symptoms, medication use, and utilization measures, also
are likely to correlate with long-term progression of dis-
ease over time, but are highly subject to changes in short-
term control of bronchospasm.

In addition to the eligibility criteria for selecting stud-
ies related to all topics in the SRE (described in the Intro-
duction), the following criteria were used to select
studies for this question:

* Study design is a comparative or crossover clinical
efficacy trial, with a concurrent control group.

e Study compares the use of inhaled corticosteroids vs.
placebo; OR compares inhaled corticosteroids vs. no
treatment control; OR compares inhaled cortico-
steroids vs. alternative medication for mild asthma
(as-needed beta,-agonists, theophylline, cromolyn,
nedocromil, or combinations of these medications);
OR compares the addition of inhaled corticosteroids to
other medication for mild asthma (as-needed beta,-
agonists, theophylline, cromolyn, nedocromil, or com-
binations of these medications).

* Includes at least 10 evaluable, similarly treated patients
per study arm or crossover phase with mild or moderate
persistent asthma, with the following defined limits:

— FEV| more than 60 percent of predicted; PEF

variability more than 20 percent

OR
— Symptoms more than 2 times a week to daily

OR
— Nocturnal symptoms more than 2 times a month
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OR

— Population cannot be classified into the above cate-
gories but appears to include primarily persons with
mild or moderate persistent asthma

OR

— Population is mixed, but the majority appears to
consist of persons with mild or moderate persistent
asthma.

* Study duration is of at least 12 weeks.

e At least 90 percent of included patients have not been
treated with other long-term-control medications
(LTRAs, long-acting inhaled beta,-agonists, inhaled
corticosteroids) for at least 4 weeks before beginning
to take inhaled corticosteroids.

* Enrolls only patients younger than 18 years of age or
stratifies outcomes for patients younger than 18 years
of age.

e Study addresses relevant outcomes.

Summary of Findings

Studies

Ten studies enrolling 2,210 patients met the inclusion
criteria for this question. Three of the studies were based
in the Netherlands (Hoekstra et al. 1996; Van Essen-Zand-
vliet et al. 1992; Verberne et al. 1997); two were from
Scandinavia (Jonasson et al. 1998; Agertoft and Pedersen
1994); two from the United Kingdom (Storr et al. 1986;
Connett et al. 1993); two from the United States (CAMP
2000; Tinkelman 1993); and one from Canada (Simons
1997). Nine of the 10 studies were randomized, double-
blind, parallel-group trials. The most robust of these, the
Childhood Asthma Management Program (CAMP)
Research Group (CAMP 2000), is a three-arm trial
enrolling 1,041 patients followed for 4 to 6 years that com-
pared inhaled corticosteroids to nedocromil and with place-
bo. At present, the CAMP trial is the “largest, longest, and
most comprehensive multicenter treatment trial for asthma
ever attempted in the United States”(CAMP 2000). The
remaining eight randomized trials are considerably smaller
in size (range: 14 to 102 patients per study arm) and dura-
tion of followup (range: 1 to 2 years). The tenth trial
(Agertoft and Pedersen 1994) was not randomized. (See
the key evidence tables in this section for a summary
description of the 10 studies that met the eligibility criteria
for evaluation.) Publications comparing the use of LTRA
in children to other long-term-control medications were not
available at the time of the SRE.
Results of Studies

Inhaled Corticosteroids Compared to As-Needed
Beta,-Agonists

Children 5 Years of Age or Older

The evidence of the efficacy of inhaled corticosteroids in
children older than 5 years of age was obtained from six tri-
als, five of which were placebo controlled and randomized.
These six trials enrolled a total of 790 patients treated with
inhaled corticosteroids and 652 controls. The most robust
evidence is from the CAMP trial, which contributed 40 per-
cent (311) of the total inhaled corticosteroid patients and



J ALLERGY CLIN IMMUNOL
VOLUME 110, NUMBER 5

64 percent (418) of the total controls, documented the
longest duration of treatment (4 years), used the most com-
plete outcome measures, and reported in the greatest detail
the study design and statistical analysis.

Overall, these studies demonstrate that inhaled corti-
costeroids improve asthma control compared to as-need-
ed beta,-agonists without any other long-term-control
medication. Inhaled corticosteroid-treated patients with
mild or moderate persistent asthma demonstrate improve-
ments in prebronchodilator FEV |, reduced airway hyper-
responsiveness, symptom scores and symptom frequency,
less supplemental beta,-agonist use, fewer courses of oral
corticosteroids, and lower hospitalization utilization. The
evidence does not suggest, however, that inhaled cortico-
steroid use is associated with improved long-term post-
bronchodilator FEV| which is a surrogate measure of
lung growth. The CAMP trial reported no difference in
the change in postbronchodilator FEV | after 4 years of
treatment (CAMP 2000). No study reported any statisti-
cally significant result that favored the as-needed beta,-
agonist control group.

Children 5 Years of Age or Younger

Two small trials (69 participants, combined) compared
inhaled corticosteroid treatment to placebo in children
younger than 5 years of age. The available evidence is
scant, but the results reported appear to be consistent
with those reported for children older than 5 years of age:
that inhaled corticosteroids improve short-term control of
asthma. No studies that examine the long-term impact of
inhaled corticosteroids on lung function in this age group
are available.

Inhaled Corticosteroids Compared to Alternative
Long-Term-Control Medications

No comparison studies are available for children
younger than 5 years of age.

Long-Acting Inhaled Beta,-Agonist (Salmeterol)

The available evidence is inadequate to make definitive
conclusions about relative effectiveness of inhaled corti-
costeroids and salmeterol in children with mild or moder-
ate persistent asthma. Two randomized and double-blinded
trials enrolled 116 (99 evaluable) children treated with
inhaled corticosteroids, 112 (83 evaluable) children treat-
ed with salmeterol, and 80 (55 evaluable) children treated
with placebo. One of these is a three-arm trial in which
most comparisons were indirect and reported as inhaled
corticosteroids vs. placebo and salmeterol vs. placebo. Of
the statistically significant results reported, most were
significant in only one of the two trials; however, all
results clearly favored inhaled corticosteroids over salme-
terol as monotherapy. In one of the trials, measurements
of FEV deteriorated over time in those children receiving
monotherapy with salmeterol (Verberne et al. 1997).

Theophylline

One trial compared the effectiveness of 1 year of treat-
ment with theophylline or low-dose inhaled cortico-
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steroids in 747 patients, 185 of whom were children
(Reed 1998). Although conclusions are limited because
of the large numbers of withdrawals and the absence of
additional trials, the data from this study support the
superior effectiveness for low-dose inhaled corticos-
teroids compared to theophylline. The inhaled corticos-
teroids were significantly more effective in reducing
symptoms, supplemental bronchodilators and systemic
corticosteroid doses, bronchial hyperresponsiveness, and
eosinophilia. No outcomes were significantly superior
with theophylline, which caused more headaches, ner-
vousness, insomnia, and gastrointestinal distress; and
more patients discontinued treatment because of side
effects that occurred while they were taking theo-
phylline.

Nedocromil

The CAMP trial found no differences between
nedocromil and placebo in lung function or symptom
outcomes, although courses of oral corticosteroids and
urgent care visits were reduced (CAMP 2000). The pri-
mary analysis in this study compares two medications—
nedocromil and inhaled corticosteroids—to placebo,
rather than to each other. However, the magnitude of the
effect of inhaled corticosteroids on all clinical outcomes,
along with the marginal effect of nedocromil on just two,
supports the conclusion that inhaled corticosteroids are
more effective than nedocromil in reducing the frequen-
cy and severity of symptoms, supplemental beta,-agonist
use, and the frequency of hospitalizations due to asthma.

Additional Literature/Information

Additional data were reviewed to include information
that was published since the SRE was performed and to
consider leukotriene modifiers.

Inhaled Corticosteroids

A recent study confirmed the effectiveness of inhaled
corticosteroids in improving symptoms, airway hyperre-
sponsiveness, and lung function in children 2 to 5 years
of age (Nielsen and Bisgaard 2000).

Cromolyn and Nedocromil

A consideration of the precise relationship of cro-
molyn and nedocromil among other long-term-control
medications in the treatment of persistent asthma contin-
ues to be difficult based on the few available comparison
studies. These two medications have distinct properties
but similar mechanisms of action. They have been
shown to provide symptom control greater than placebo
in some clinical trials (Konig 1997; Petty et al. 1989)
and to confer protection against exacerbations of asthma
leading to hospitalization, particularly in children (Don-
ahue et al. 1997) and emergency department visits
(Adams et al. 2001). These results, along with the excel-
lent safety profile, justify consideration of these medica-
tions as treatment options. However, when data regarding
the efficacy of cromolyn recently were systematically
reviewed (Taschle et al. 2000), the authors concluded
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that insufficient evidence existed to conclude that cro-
molyn had a beneficial effect on maintenance treatment
of childhood asthma. Compared to placebo, nedocromil
reduces urgent care visits as well as the need for pred-
nisone, which are meaningful clinical outcomes. How-
ever, nedocromil is no different than placebo on all other
outcome measures (CAMP 2000). Overall, nedocromil
is significantly less effective in improving outcome mea-
sures than inhaled corticosteroids (CAMP 2000).
Nedocromil has not been adequately studied in children
younger than 5 years of age.

As a result of these disparate findings on cromolyn
and nedocromil (i.e., some, but limited effectiveness and
strong safety profile), the Expert Panel’s opinion is that
cromolyn for children of all ages and nedocromil for
children older than 5 years of age could be considered in
the treatment of persistent asthma, but they are not pre-
ferred therapies (SRE-Evidence A; Evidence B, C).

Leukotriene Modifiers

Leukotriene modifiers comprise two pharmacologic
classes of compounds: 5-lipoxygenase pathway inhibitors
(e.g., zileuton), and LTRAs (e.g., zafirlukast and mon-
telukast). Only zafirlukast (for children as young as 7
years of age) (Pearlman et al. 2000; Weinberger 2000)
and montelukast (for children as young as 2 years of age)
(Knorr et al. 1998; Knorr et al. 2001) are approved for
use in children. Zileuton has been demonstrated to con-
trol asthma more effectively than placebo (Israel et al.
1996) and comparably to theophylline (Schwartz et al.
1998) in adult patients with persistent symptoms; studies
in children have not been reported yet.

The LTRAs have been demonstrated to provide statis-
tically significant but modest improvement in lung func-
tion when used as monotherapy in both adults and children
as young as 6 years of age and in asthma control out-
comes other than lung function in patients as young as 2
years of age (Pearlman et al. 2000; Knorr et al. 1998;
Knorr et al. 2001; Israel et al. 1996; Schwartz et al.
1998; Altman et al. 1998; Busse et al. 2001; Kemp et al.
1998; Nathan et al. 1998; Tashkin et al. 1999; Bleecker
etal. 2000; DuBuske et al. 1997). In general, these stud-
ies included patients with either mild or moderate persis-
tent asthma, although the classification of severity was
not always clear in the studies, nor consistently applied.
When comparing overall efficacy of LTRAs to inhaled
corticosteroids in adult patients with persistent asthma,
most outcome measures significantly and clearly favored
inhaled corticosteroids (Busse et al. 2001). Therefore,
based on the available data comparing LTRAs to inhaled
corticosteroids, the Expert Panel concludes that inhaled
corticosteroids should be the preferred treatment option
for mild persistent asthma in adults and, by extrapolation
until published comparison data become available, for
children (Evidence B, C). (See Medications: Combina-
tion Therapy for recommendations on the use of LTRAs
in moderate asthma.) Due to the lack of randomized con-
trolled trials (RCTs) in children less than 12 years of age,
zileuton cannot be recommended for use in children.
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Long-Acting Inhaled Beta,-Agonists

In a recent study, 164 patients ages 12 through 65
years whose asthma was well controlled on 400 mcg
twice daily of inhaled corticosteroids were randomly
assigned to continue inhaled corticosteroids or switch to
long-acting inhaled beta,-agonists, 42 mcg twice daily.
During the 16-week study, clinical outcomes did not dif-
fer significantly. However, those on long-acting inhaled
beta,-agonists experienced significantly more treatment
failures (24 percent vs. 6 percent) and asthma exacerba-
tions (20 percent vs. 7 percent) than those remaining on
inhaled corticosteroids (Lazarus et al. 2001). These
results, favoring use of inhaled corticosteroids over long-
acting beta,-agonists as monotherapy, support the find-
ings of the studies in children that were noted in the SRE.

Recommendations for EPR Update

The Expert Panel recommends revising EPR-2, based
on review of the SRE and additional data and clinical
experience. The following key changes are described:

* Based on the SRE, inhaled corticosteroids are the pre-
ferred treatment for initiating therapy in children of all
ages with persistent asthma (SRE-Evidence A, B).
Thus, the Expert Panel no longer recommends consid-
eration of an initial therapeutic trial with cromolyn or
nedocromil. Current scientific evidence demonstrates
the superiority of inhaled corticosteroids.

e LTRAs are available for children as young as 2 years
of age, and studies have demonstrated improved out-
comes (Evidence B). LTRAs are an alternative—
although not preferred—treatment (Evidence B) and
are considered if patient circumstances regarding
administration of inhaled corticosteroids warrants
selection of oral treatment (Evidence D).

e Based on epidemiologic study of wheezing in early
childhood, it is the opinion of the Expert Panel that the
initiation of long-term-control therapy should be consid-
ered strongly for infants and young children who in the
past year have had more than three episodes of wheezing
that lasted more than 1 day and affected sleep, and who
in addition have identifiable risk factors for the develop-
ment of asthma (Evidence D). This is in addition to pre-
viously recommended indications for initiating
long-term-control therapy (i.e., children requiring symp-
tomatic treatment more than 2 times a week or experi-
encing severe exacerbations less than 6 weeks apart).
Specifically, the Expert Panel recommends that the text

of EPR-2 be revised to read as follows in the EPR-2 sec-

tions: The Medications and the Stepwise Approach for

Managing Asthma; the shaded text indicates new text.

Recommended changes to The Medications (pages
59 through 67 in EPR-2)

Key Points: The Medications (page 59 in EPR-2):

¢ Cromolyn and nedocromil: Used as alternative, but
not preferred, medications for the treatment of mild
persistent asthma (Evidence A, B). Can also be used
as preventive treatment prior to exercise or unavoid-
able exposure to known allergens.
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* Long-acting inhaled beta,-agonists: Long-acting
bronchodilator used concomitantly with inhaled corti-
costeroids is the preferred combination therapy for
long-term control and prevention of symptoms in mod-
erate and severe persistent asthma (Evidence A, B).
Also prevents exercise-induced bronchospasm (EIB).

* Leukotriene modifiers: The leukotriene receptor
antagonists (LTRAs) montelukast (for patients =2
years of age) and zafirlukast (for patients = 7 years of
age), or the 5-lipoxygenase inhibitor zileuton (for
patients =12 years of age), are alternative, but not pre-
ferred, therapies for the treatment of mild persistent
asthma (Evidence B). Leukotriene modifiers also may
be used with inhaled corticosteroids as combination
therapy in the treatment of moderate persistent asthma
(Evidence B).

Corticosteroids (page 60 in EPR-2)

Insert after the third sentence.

The evidence of the efficacy of inhaled corticsteroids in
children older than 5 years of age was obtained from six
trials, five of which were placebo controlled and random-
ized (see NAEPP Expert Panel Report Update-2000 for
complete references). Overall, these studies demonstrate
that inhaled corticosteroids improve asthma control com-
pared to as-needed beta,-agonists without any other long-
term-control medication (Evidence A). Inhaled corticosteroid-
treated patients with mild or moderate persistent asthma
demonstrate improvements in prebronchodilator FEV |,
reduced airway hyperresponsiveness, symptom scores and
symptom frequency, less supplemental beta,-agonist use,
fewer courses of oral corticosteroids, and lower hospital-
ization utilization. The evidence does not suggest, howev-
er, that inhaled corticosteroid use is associated with
improved long-term postbronchodilator FEV |, which is a
surrogate measure of lung growth. No study reported any
statistically significant result that favored the as-needed
beta,-agonist control group. Studies comparing inhaled
corticosteroids to cromolyn, nedocromil, theophylline, or
LTRAs are limited, but available evidence shows that none
of these long-term-control medications appear to be as
effective as inhaled corticosteroids in improving asthma
outcomes (Evidence A, B).

Cromolyn Sodium and Nedocromil (page 60 in
EPR-2)

Replace the third paragraph of text with the following.

Cromolyn sodium and nedocromil have been shown to
provide symptom control greater than placebo in some
clinical trials (Konig 1997; Petty et al. 1989) and to con-
fer protection against exacerbations of asthma leading to
hospitalization, particularly in children (Donahue et al.
1997) and emergency department visits (Adams et al.
2001) These results, along with the excellent safety pro-
file, justify consideration of these medications as treat-
ment options. However, when data regarding the efficacy
of cromolyn recently were systematically reviewed
(Taschle et al. 2000), the authors concluded that insuffi-
cient evidence existed to conclude that cromolyn had a
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beneficial effect on maintenance treatment of childhood
asthma. Compared to placebo, nedocromil reduces
urgent care visits as well as the need for prednisone,
which are meaningful clinical outcomes. However,
nedocromil is no different than placebo on all other out-
come measures (CAMP 2000). Overall, nedocromil is
significantly less effective in improving outcomes mea-
sures than inhaled -corticosteroids (CAMP 2000).
Nedocromil has not been adequately studied in children
younger than 5 years of age. As a result of these disparate
findings on cromolyn and nedocromil (i.e., some, but lim-
ited effectiveness and strong safety profile), the Expert
Panel’s opinion is that cromolyn for children of all ages
and nedocromil for children older than S years of age
could be considered in the treatment of persistent asthma,
but they are not preferred therapies (Evidence A, B, C).

Leukotriene Modifiers (page 65 in EPR-2)

Replace the second paragraph of text with the following.

Three leukotriene modifiers—montelukast, zafirlukast
and zileuton—are available as oral tablets for the treatment
of asthma. Leukotriene modifiers comprise two pharma-
cologic classes of compounds: 5-lipooxygenase pathway
inhibitors (e.g., zileuton), and LTRAs (e.g., montelukast
and zafirlukast). Only zafirlukast (for children as young as
7 years of age) and montelukast (for children as young as 2
years of age) are approved for use in children. Zileuton has
been demonstrated to control asthma more effectively than
placebo (Israel et al. 1996) and comparably to theophylline
(Schwartz et al. 1998) in adult patients with persistent
symptoms; studies in children have not been reported yet.

The LTRAs have been demonstrated to provide statis-
tically significant but modest improvement in lung func-
tion when used as monotherapy in both adults and
children as young as 6 years of age and in asthma control
outcomes other than lung function in patients as young as
2 years of age (Pearlman et al. 2000; Knorr et al. 1998;
Knorr et al. 2001; Israel et al. 1996; Schwartz et al. 1998;
Altman et al. 1998; Busse et al. 2001; Kemp et al. 1998;
Nathan et al. 1998; Tashkin et al. 1999; Bleecker et al.
2000; DuBuske et al. 1997). In general, these studies
included patients with either mild or moderate persistent
asthma, although the classification of severity was not
always clear in the studies, nor consistently applied.
When comparing overall efficacy of LTRAs to inhaled
corticosteroids in adult patients with persistent asthma,
most outcome measures significantly and clearly favored
inhaled corticosteroids (Busse et al. 2001).

Insert as the final paragraph.

Therefore, based on the available data comparing
LTRAs to inhaled corticosteroids, the Expert Panel con-
cludes that inhaled corticosteroids should be the pre-
ferred treatment option for mild persistent asthma in
adults, and by extrapolation until published comparison
data become available, for children (Evidence B, C).
Five published studies evaluated the addition of
leukotriene modifiers to fixed doses of inhaled cortico-
steroids; none compared the combination to increasing
the dose of inhaled corticosteroids. Limitations of these
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studies preclude definitive conclusions, but they reveal a
trend showing improvement in lung function and, in
some, symptoms from the combination of leukotriene
modifiers and inhaled corticosteroids compared with a
fixed dose of inhaled corticosteroids alone.

Figure 3—1. Long-Term-Control Medications (page
63 in EPR-2)

Long-Acting Inhaled Beta,-Agonists. Add in “Ther-
apeutic Issues” column: Treatment of choice in combi-
nation with inhaled corticosteroids for treatment of mod-
erate persistent asthma in adults and children over 5
years of age.

Leukotriene Modifiers. Add: Montelukast tablets:
long-term control and prevention of symptoms in mild per-
sistent asthma for patients 22 years of age. May also be
used with inhaled corticosteroids as combination therapy in
moderate persistent asthma. Zafirlukast: Change age zafir-
lukast to =7 years of age. And Add: May also be used with
inhaled corticosteroids as combination therapy in moderate
persistent asthma. Zileuton: add: May also be used with
inhaled corticosteroids as combination therapy in moderate
persistent asthma.

Figure 3-2. Quick-Relief Medications (page 64 in
EPR-2)

Short-Acting Inhaled Beta,-Agonists. Add: Leval-
buterol

Recommended changes to The Stepwise Approach
to Managing Asthma; mild persistent asthma (step
2 care) (pages 85 through 97 in EPR-2).

Revisions of EPR-2 on moderate persistent asthma
(step 3 care) are presented in the section “Medications:
Combination Therapy.”

Figure 3—4b. Stepwise Approach for Managing
Asthma in Adults and Children Older than 5 Years
of Age: Treatment (page 85 in EPR-2)

Step 2
Mild Persistent

One daily long-term-control medication

Preferred treatment:

Inhaled corticosteroids (low dose)

Alternative treatment (listed alphabetically):

Cromolyn

OR

Leukotriene modifier (only LTRAs are recommended for
use in children)

OR

Nedocromil

OR

Sustained release theophylline to serum concentrations
of 5-15 pug/mL.

Step 3 and Step 4

Please refer to the Medications: Combination Therapy.
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Key Recommendations box for managing asthma in
school-age children and adolescents (page 97 in
EPR-2)

e Pulmonary function testing should use appropriate ref-
erence populations. Adolescents compare better to
childhood than to adult predicted norms.

* When initiating daily long-term-control therapy for
mild or moderate persistent asthma, the choice of
medication includes consideration of treatment effec-
tiveness, the individual patient’s history of previous
response to therapies, the ability of the patient and
family to correctly use the medication, and anticipated
patient and family adherence with the treatment
regime (Evidence D).

e Adolescents (and younger children when appropriate)
should be directly involved in establishing goals for ther-
apy and developing their asthma management plans.

e Active participation in physical activities, exercise,
and sports should be promoted.

e A written asthma management plan should be pre-
pared for the student’s school and should include plans
to ensure reliable, prompt access to medications.
Either encourage parents to take a copy to the child’s
school or obtain parental permission and send a copy
to the school nurse or designee (Evidence D).

Figure 3—-6. Stepwise Approach for Managing
Infants and Young Children (5 Years of Age and
Younger) With Acute or Chronic Asthma Symptoms
(page 96 in EPR-2)

Step 2
Mild Persistent

One daily long-term-control medication

Preferred treatment:

Low-dose inhaled corticosteroids (with nebulizer
OR MDI with holding chamber with or without a
face mask OR DPI)

Alternative treatment (listed in alphabetical order):
Cromolyn (nebulizer is preferred; or MDI with hold-
ing chamber)

OR
Leukotriene receptor antagonist

Step 3
Moderate Persistent

Preferred treatment:

Low-dose inhaled corticosteroids and long-acting
beta,-agonists

OR

Medium-dose inhaled corticosteroids

Alternative treatment:

Low-dose inhaled corticosteroids and either leukotriene
receptor antagonist or theophylline.

If needed (particularly in patients with recurring severe
exacerbations):

Preferred treatment: Medium-dose inhaled cortico-
steroids and long-acting beta,-agonists.
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Alternative treatment: Medium-dose inhaled cortico-
steroids and either leukotriene receptor antagonist or
theophylline.

Special considerations for managing asthma in dif-
ferent groups: infants and young children (5 years
of age and younger), key recommendations (pages
94 through 97 in EPR-2)

e Diagnosing asthma in infants is often difficult, yet
underdiagnosis and undertreatment are key problems
in this age group. Thus, a diagnostic trial of inhaled
bronchodilators and anti-inflammatory medications
may be helpful.

* Treatment for infants and young children with asthma
has not been adequately studied. Recommendations
for treatment are based on extrapolations from studies
in older children and adults.

* The initiation of long-term-control therapy should be
strongly considered in the following circumstances, in
the opinion of the Expert Panel (Evidence D):

— Infants and young children who had more than three
episodes of wheezing in the past year that lasted
more than 1 day and affected sleep AND who have
a high risk of developing persistent asthma as indi-
cated by either (a) a physician diagnosis of atopic
dermatitis or a parental history of asthma OR (b)
two of the following conditions: physician-
diagnosed allergic rhinitis, greater than 4 percent
peripheral blood eosinophilia, or wheezing apart
from colds (Martinez et al. 1995; Martinez 1995;
Castro-Rodriguez 2000).

— Infants and young children consistently requiring
symptomatic treatment more than 2 times per
week should be given daily long-term-control
therapy.

— Infants and young children who have severe exacer-
bations (requiring inhaled beta,-agonist more fre-
quently than every 4 hours over 24 hours) that occur
less than 6 weeks apart.

— When initiating daily long-term-control therapy,
inhaled corticosteroids are the preferred treatment
(SRE-Evidence B). Alternative treatment options
(listed here in alphabetical order because there are
insufficient data to enable ranking) include cro-
molyn and LTRA (montelukast) (Evidence B). The
initial choice of long-term-control medication
includes consideration of treatment effectiveness,
the individual patient’s history of previous response
to therapies, the ability of the patient and family to
correctly use the medication, and anticipated patient
and family adherence to the treatment regimen (Evi-
dence D).

— Response to therapy should be carefully moni-
tored. Once control of asthma symptoms is
established and sustained, a careful step down in
therapy should be attempted. If clear benefit is
not observed within 4 to 6 weeks, alternative
therapies or diagnoses should be considered
(Evidence D).
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Diagnosis

Several studies show that as many as 50 to 80 percent
of children with asthma develop symptoms before their
fifth birthdays. Diagnosis can be difficult in this age
group and has important implications. On the one hand,
asthma in early childhood is frequently underdiagnosed
(receiving such labels as chronic bronchitis, wheezy
bronchitis, recurrent pneumonia, gastroesophageal
reflux, and recurrent upper respiratory tract infections),
and thus many infants and young children do not receive
adequate therapy. On the other hand, not all wheezes and
coughs are caused by asthma, and caution is needed to
avoid giving infants and young children inappropriately
prolonged asthma therapy. Episodic or chronic wheez-
ing, coughing, and breathlessness also may be seen in
other less common conditions, including cystic fibrosis,
vascular ring, tracheomalacia, primary immunodeficien-
cy, congenital heart disease, parasitic disease, and for-
eign body aspiration.

Among children 5 years of age and younger, the most
common cause of asthma-like symptoms is viral respira-
tory infection. At present, the relative contributions of
airway inflammation, bronchial smooth-muscle abnor-
malities, or other structural factors in producing wheeze
with acute viral upper respiratory infections are unknown.
There appear to be two general patterns of illness in
infants and children who wheeze with acute viral upper
respiratory infections: a remission of symptoms in the
preschool years and persistence of asthma throughout
childhood. No clear markers are available to predict the
prognosis of an individual child; however, in infants and
young children under 5 years of age with frequent wheez-
ing (for example, more than three episodes in the past
year that lasted more than 1 day and affected sleep), risk
factors significantly associated with persistent asthma at 6
years of age include having either (a) parental asthma his-
tory or a physician diagnosis of atopic dermatitis or (b)
two of the following conditions: physician-diagnosed
allergic rhinitis, peripheral blood eosinophilia, or wheez-
ing apart from cold (Evidence C) (Castro-Rodriguez et
al. 2000; Martinez 1995). Although currently not estab-
lished, it is conceivable that early recognition and treat-
ment of these high-risk children could result in secondary
prevention of childhood asthma.

Diagnosis is complicated by the difficulty in obtaining
objective measurements of lung function in this age
group. Essential elements in the evaluation include the
history, symptoms, physical examination, and assess-
ment of quality of life. A therapeutic trial with medica-
tions listed in figure 3—5d also will aid in the diagnosis.

Treatment

Figure 3—6 illustrates the Expert Panel’s recommen-
dations for a stepwise approach to managing acute
and chronic asthma symptoms, regardless of the
prognosis for the wheezing infant or young child.

It is the opinion of the Expert Panel that, in gener-
al, daily long-term-control therapy should be initiated
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in infants and young children consistently requiring
symptomatic treatment more than 2 times per week
and in infants and young children who experience
severe exacerbations (requiring inhaled beta,-agonist
more frequently than every 4 hours over 24 hours)
that occur less than 6 weeks apart. It is the opinion of
the Expert Panel that the initiation of long-term-con-
trol therapy should also be strongly considered in
infants and young children who had more than three
episodes of wheezing in the past year that lasted more
than 1 day and affected sleep AND who have risk fac-
tors for developing persistent asthma: either (a)
parental history of asthma or a physician diagnosis of
atopic dermatitis or (b) two of the following condi-
tions: physician-diagnosed allergic rhinitis, greater
than 4 percent peripheral blood eosinophilia, or
wheezing apart from colds (Evidence D).

The following have been Food and Drug Administration
(FDA)-approved for young children: the inhaled cortico-
steroids budesonide nebulizer solution (approved for chil-
dren 1 to 8 years of age) and fluticasone DPI (approved for
children 4 years of age and older); the long-acting beta,-
agonist salmeterol DPI (approved for children 4 years of
age and older); and, based on safety data rather than effi-
cacy data, the LTRA montelukast 4 mg chewable tablet
(approved for children 2 to 6 years of age).

At present, there are few studies of medications in
children younger than 3 years of age. A therapeutic trial
of anti-inflammatory medications should be monitored
carefully. Treatment should be stopped if a clear benefi-
cial effect is not obvious within 4 to 6 weeks. Inhaled
corticosteroids have been shown to be effective in long-
term clinical studies with infants; in contrast, cromolyn
has inconsistently demonstrated symptom control in chil-
dren younger than 5 years of age (Tasche et al. 2000). A
LTRA (montelukast) 4 mg chewable tablet has shown
some effectiveness in children 2 to 5 years of age (Knorr
et al. 2001). Sustained-release theophylline is not rec-
ommended as an alternative long-term-control medica-
tion for young children with mild persistent asthma
because it may have particular risks of adverse side
effects in infants who frequently have febrile illnesses,
which increase theophylline concentrations. Theo-
phylline may be considered as adjunctive therapy in
young children with moderate or severe persistent asth-
ma if there are cost considerations, but only if serum con-
centration levels will be carefully monitored.

In deciding when to initiate daily long-term-control
therapy, the clinician must weigh the possible long-term
effects of inadequately controlled asthma vs. the possible
adverse effects of medications given over prolonged peri-
ods. There is evidence that anti-inflammatory treatment
can reduce morbidity from wheezing in early childhood
(Connett et al. 1993). Long-term studies in children 5 to
12 years of age at the time of enrollment conclude that
inhaled corticosteroids improve health outcomes for chil-
dren with mild or moderate persistent asthma and that the
potential albeit small risk of delayed growth from the use
of inhaled corticosteroids is well balanced by their effec-
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tiveness (CAMP 2000). Further, available long-term
data indicate that most children treated with recommend-
ed doses of inhaled corticosteroids achieve their predict-
ed adult heights (Agertoft and Pedersen 2000). It is
noted that the long-term prospective studies on growth
involved budesonide, and that the retrospective analyses
included studies on beclomethasone, but the results have
been generalized to include all inhaled corticosteroid
preparations. Although different preparations and deliv-
ery devices may have a systemic effect at different doses,
all short-term studies on numerous preparations suggest
that the effect of inhaled corticosteroids on growth is a
drug class effect. In children with demonstrable adverse
effects related to inhaled corticosteroid therapy, other
options (cromolyn, LTRA, nedocromil, or theophylline)
for initiating and maintaining long-term-control therapy
are available. Thus, based on high-quality evidence,
the Expert Panel recommends long-term-control
therapy for children with mild or moderate persistent
asthma because it provides control and prevention of
asthma symptoms (SRE-Evidence A). However, evi-
dence to date is insufficient to permit conclusions
regarding whether early vs. delayed intervention with
daily long-term-control medication will alter the
underlying course of the disease. Although a prelimi-
nary study suggests that appropriate control of childhood
asthma may prevent more serious asthma or irreversible
obstruction in later years (Agertoft and Pedersen 1994),
these observations were not verified in a recent long-term
randomized controlled trial in children ages 5 to 12 years
(CAMP 2000). The best available evidence does not sup-
port the assumption that children 5 to 12 years of age
with mild or moderate persistent asthma have a progres-
sive decline in lung function that can be prevented by
early initiation of long-term-control medications. Obser-
vational prospective data from other large groups of chil-
dren suggest that the timing of the CAMP intervention
was too late, as most loss of lung function in early child-
hood asthma appears to occur during the first 3 to 5 years
of life (Martinez et al. 1995). However, it has not yet
been determined whether early recognition of children at
high risk of developing persistent asthma coupled with
early therapeutic intervention will either prevent the loss
of lung function or prevent the development of persistent
disease. Currently, critical prospective studies to address
these issues are in progress.

Recommendations for treating infants and young
children at different steps of care include:

¢ The patient’s response to therapy should be moni-
tored carefully. When benefits are sustained for 2
to 4 months, a step down in therapy should be
attempted. If there are no clear benefits within 4 to
6 weeks, treatment should be stopped and alterna-
tive therapies or diagnoses should be considered
(Evidence D).

* For step 2 care (mild persistent asthma), daily long-
term-control therapy with an inhaled corticos-
teroid is the preferred option; cromolyn and LTRA
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are alternative therapies, (SRE-Evidence A, B; Evi-

dence B). A trial of LTRA in children 2 years of age

or older can be considered in situations in which
inhaled medication delivery is suboptimal due to

poor technique or adherence (Evidence D).

* When inhaled corticosteroids are introduced in
step 2 care, doses should be in the low range.
Inhaled corticosteroids are now available in both
MDI and nebulizer preparations. (See figures 3—-5b
and 3-5c in EPR-2 for discussion of equivalency
among preparations.)

» For step 3 care (moderate persistent asthma), there are
no data available that compare treatments in step 3
care for infants and young children who are not well
controlled on low doses of inhaled corticosteroids.
Recommendations are based on expert opinion and
extrapolation from studies in older patients. (See Med-
ications: Combination Therapy.) There are two main
choices for step 3 care therapy: adding long-acting
inhaled beta,-agonists to low-dose inhaled cortico-
steroids (SRE-Evidence B; extrapolation from
studies in older children) OR increasing the dose of
inhaled corticosteroids within the medium-dose
range (Evidence D). Alternative but not preferred
options are adding either a LTRA or theophylline (if
serum concentrations are monitored) to low-to-medi-
um doses of inhaled corticosteroids (Evidence D).
Comparative studies in older children and adults con-

sistently favor combination therapy over increasing doses

of inhaled corticosteroids. Because studies indicate that
the potential for side effects of inhaled corticosteroids,
though small, appears to be dose related and has been
demonstrated in this age group at the medium-dose range
of inhaled corticosteroids (Bisgaard 2002), the approach
of adding long-acting inhaled beta,-agonists to a lower
dose of inhaled corticosteroids is one preferred option
(Evidence B-extrapolating from adult studies). On the
other hand, there are no data on long-acting beta,-
agonists in children under 4 years of age, and studies in
infants and young children have shown medium doses of
inhaled corticosteroids to be effective in treating moder-
ate and severe asthma (Connet 1993, de Blic 1996, Bis-
gaard 1999, Nielsen 2000). The few studies available in
this age group that have directly compared different
doses of inhaled corticosteroids have shown that increas-
ing the dose is most effective in reducing asthma exacer-
bations (Bisgaard 1999) and less consistently effective in

improving other outcomes (Bisgaard 1999, Baker 1999,

Kemp 1999). These results also have been found in stud-

ies of adults. Therefore, it is the opinion of the Expert

Panel that using medium doses of inhaled corticosteroids

as monotherapy for moderate asthma is another preferred

treatment option.

For all treatments, it is essential to monitor the
child’s response to therapy. If there is no clear
response within 4 to 6 weeks, the therapy should be
discontinued and alternative therapies or alternative
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diagnoses considered. If there is a clear and positive

response after 2 to 4 months, a step down in therapy

should be undertaken to the lowest possible doses of
medication required to maintain asthma control

(Baker 1999; Kemp, Skoner, Szefler et al. 1999).

* Exacerbations caused by viral respiratory infections
may be intermittent yet severe. Consider systemic
corticosteroids if the exacerbation is moderate to
severe or at the onset of a viral respiratory infec-
tion if the patient has a history of severe exacerba-
tions.

¢ Consultation with an asthma specialist should be
considered for infants and young children requir-
ing step 2 care; consultation is recommended for
those requiring step 3 or step 4 care.

e Several delivery devices are available for infants and
young children. The dose received may vary consid-
erably among devices and age groups. (See figure 3-3
for a summary of therapeutic issues regarding aerosol
delivery devices.) The child’s caregivers must be
instructed in the proper use of appropriately sized face
masks, spacers/holding chambers with face masks,
and spacers/holding chambers for medication delivery
to be effective and efficient. For children 2 years of
age and younger, nebulizer therapy with mask may be
preferred for administering aerosol medications. Chil-
dren between 3 and 5 years of age may begin therapy
with MDI and spacer/holding chamber alone, but if
the desired therapeutic effects are not achieved, they
may require a nebulizer or an MDI plus spacer/hold-
ing chamber and face mask.

Recommendations for Future Research

* How do LTRAs and inhaled corticosteroids compare
in safety and efficacy in both the short term and long
term in the treatment of mild persistent asthma in chil-
dren younger than 5 years of age?

* Do anticipated differences in adherence to medication
regimens (for example, inhalation therapy vs. oral
tablet dose therapy) translate into significant clinical
differences in overall asthma control?

* What is the best form of adjunctive therapy in children
with moderate persistent asthma who are not adequate-
ly controlled on inhaled corticosteroid therapy alone?
Long acting betay-agonists? LTRAs? Theophylline?

e Can response to various long-term-control medica-
tions be predicted prior to initiating treatment? Phe-
notype and genotype characterizations and definitions
are needed to address this question.

* What is the most effective way of treating children
who have only viral-induced asthma symptoms?

e Is drug delivery using an MDI with spacer equal in
efficacy to nebulizer treatments in childhood asthma?

e Can early recognition and treatment of an infant or
young child at high risk of developing asthma prevent
development of persistent asthma?
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Key Evidence Tables
TABLE 1-1. Inhaled Corticosteroids vs. No Inhaled Corticosteroids

Citation/Study Type Study Arm Number Enrolled Number Evaluable Mean Age +/- SD
Children older than 5 years
Childhood Asthma Management Placebo 418 411 9+/-22
Research Group 2000a
Randomized, parallel-arm, BUD 311 306 9 +/-2.1

double-blinded, placebo-
controlled trial
Jonasson, Carlsen, Placebo 40 40 9.6
Blomgqpvist et al. 1998
Randomized, parallel-arm,
double-blinded, placebo-
controlled trial

BUD 1 40 40 10.2
BUD 2 42 42 10.0
BUD 3 41 41 9.8
Simons 1997 Placebo 55 52 9.5 +/-2.4
Randomized, parallel-arm, BDP 81 67 9.6 +/-2.6
double-blinded, placebo-
controlled trial
Hoekstra, Grol, Hovenga et al. Placebo 19 15 11 +/-1.8
1998
Randomized, parallel-arm, FP 15 25 10.6 +/-1.8

double-blinded, placebo-
controlled trial

Agertoft and Pedersen 1994 Placebo 62 NR 6.1
Parallel-arm-controlled trial

BUD 216 NR 6.2

van Essen-Zandvliet, Hughes, Placebo 58 17 109 +/-1.9
Waalkens, et al. 1992
Randomized, parallel-arm, BUD 58 29 11 +/-19
double-blinded, placebo-
controlled trial

Children younger than 5 years

Storr, Lenney and Lenney 1986  Placebo 14 13 34 +/-1.5
Randomized, parallel-arm, BDP 15 15 3.64/-12
double-blinded, placebo-
controlled trial

Connett, Warde, Wooler et al. Placebo 20 19 1.9 +/-0.5
1993
Randomized, parallel-arm,
double-blinded, placebo- BUD 20 17 1.7 +/- 0.6

controlled trial

Key: BDP = beclomethasone dipropionate, BUD = budesonide, FEV = forced expiratory flow, FP = fluticasone propionate, NR = not reported
PEF = peak expiratory flow, SD = standard deviation, Sx = symptom, X = outcome report

Source: Blue Cross and Blue Shield Association Technology Evaluation Center. Management of Chronic Asthma: Evidence Report/Technology
Assessment Number 44. AHRQ Publication No. 01-EO44. Rockville, MD: Agency for Healthcare Research and Quality. September 2001
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Estimated Disease

Study Duration

Lung Function Outcomes

Severity (weeks) FEV, PEF PC20 Sx/Meds Comments

Mild or Moderate 224 X X X X

Mild or Moderate 224 X X X X

Mild 12 X X X X Not stated how patients with
moderate-severe asthma
were excluded

Mild 12 X X X X

Mild 12 X X X X

Mild 12 X X X X

Mild or Moderate 52 X X X X

Mild or Moderate 52 X X X X

Mild or Moderate 12 X X X

Mild or Moderate 12 X X X

Mild or Severe 270.4 (mean) X Control patients were those
patients who declined
recommendation to take
inhaled corticosteroids.

Inhaled corticosteroid-free

period after diagnosis is
referred to as the run-in
period, equal to at least 1 year.

Mild or Severe 192.4 (mean) X

Mild or Severe 95.3 (median) X X X Pharmaceutical company
supplied study medication.

Mild or Severe 95.3 (median) X X X

Unable to estimate 26 X Study took place over an 18-
month period in an attempt
to eliminate seasonal bias.

Unable to estimate 26 X

Unable to estimate 26 X Patients treated for up to 6
months, included in analysis
if treated at least 5 weeks.

Unable to estimate 26 X Study medication adjusted to

200-400 mcg 2x/day budes-
onide or 1-2 puffs 2x/day
placebo depending on clinical
need.
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TABLE 1-2a. Inhaled Corticosteroids vs. Long-Acting Inhaled Beta,-Agonists

Citation/Study Type Study Arm Number Enrolled Number Evaluable Mean Age +/- SD
Verberne, Frost, Roorda et al. Salmeterol 35 25 10.6 +/- 2.9
1997
Randomized, parallel-arm, BDP 35 32 10.5 +/- 2.3
double-blinded controlled trial
Simons 1997
Randomized, parallel-arm, BDP 81 67 9.6 +/- 2.6
double-blinded, placebo-
controlled trial Salmeterol 80 58 8.8 +/- 2.1

Source: Blue Cross and Blue Shield Association Technology Evaluation Center. Management of Chronic Asthma: Evidence Report/Technology
Assessment Number 44. AHRQ Publication No. 01-EO44. Rockville, MD: Agency for Healthcare Research and Quality. September 2001

TABLE 1-2b. Inhaled Corticosteroids vs. Theophylline

Citation/Study Type Study Arm Number Enrolled Number Evaluable Mean Age +/- SD
Tinkelman, Reed, Nelson, Theo 93 69 11.9 +/- 2.8

et al. 1993

Randomized, parallel-arm, BDP 102 76 11.9 +/- 2.7

double-blinded, placebo-
controlled trial

Source: Blue Cross and Blue Shield Association Technology Evaluation Center. Management of Chronic Asthma: Evidence Report/Technology
Assessment Number 44. AHRQ Publication No. 01-EO44. Rockville, MD: Agency for Healthcare Research and Quality. September 2001

TABLE 1-2c. Inhaled Corticosteroids vs. Nedocromil

Citation/Study Type Study Arm Number Enrolled Number Evaluable Mean Age +/- SD
Childhood Asthma Management  Placebo 418 411 9+/-22
Program Research Group
2000a
Randomized, parallel-arm, BUD 311 306 9 +/-2.1

double-blinded, placebo-
controlled trial

Source: Blue Cross and Blue Shield Association Technology Evaluation Center. Management of Chronic Asthma: Evidence Report/Technology
Assessment Number 44. AHRQ Publication No. 01-EO44. Rockville, MD: Agency for Healthcare Research and Quality. September 2001
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